Abstract. Context-awareness has become one of the active topics in ubiquitous computing, cloud computing and so on, recently. In this paper, preliminaries of bigraph based context-aware calculus are presented for context-aware system. We define the syntax and semantics of process, context and context expressions, as well as the semantics of operations in the bigraphical calculus of context-awareness.
Introduction
Ubiquitous computing [1] was first proposed by Mark Weiser in 1991, emphasizing the embedding of computations into the environment, while the computing device itself disappears from the human eye. As part of this model, context-aware calculus [2] has been evolved to make efficient use of contextual information to evolve the rough low-level context received by the sensor into more valuable information and find useful information in context, Pascal Zimmer [3] proposed a process calculus to describe dynamic systems that can move and react differently depending on their location. Wang Wusheng [4] proposed a process calculus context-aware system calculus to describe context-aware system and carry out some operations. Christos B. [5] introduced context awareness in mobile computing environments. Jens Grubert [6] applied context-awareness to augmented reality, which can adapt to the AR system by sensing the user's current environment.
Bigraph [7] is used as a formal modeling language, and it emphasizes both location and connection factor. Moreover, it has a visual graphical representation, so bigraph is more suitable for context-awareness modeling and analysis. Motivated by the CCA [8] thoughts, this paper puts forward bigraphical calculus of the context-aware system, which mainly includes three aspects as follows.
(1) Defines the syntax and semantics of process, actions, context and context expression in bigraphical calculus.
(2) Gives the operational semantics of the bigraphical calculus.
Preliminaries of Bigraphs
Due to the limit of space, this section is a brief introduction of bigraph, and you can see the details in references [7] .
Place Graph and Link Graph
A bigraph is two-tuples = ( , ), composed by a place graph and a link graph. The related concepts are described in conjunction with Figure 1 and Figure 2 . In Figure 1 the dotted rectangle part called regions, 0 , 1 , 2 , 3 , 4 denote the nodes, the gray area with numbers 0,1 represents the site,
Interface, Signature and Sorting in Bigraph
The graph can realize the communication with the outside by interface, which is composed of inner interface and outer interface. The inner interface is made up of the collection of sites and inner name, the outer interface is composed of the collection of root and outer name. For example, the interface in Figure 1 : < 2, { 1 } >→< 2, { 1 , 2 } >, which means that has 2 sites, inner name 1 , 2 roots and outer names 1 , 2 . A basic signature takes the form ( , ). is a set whose elements are kinds of node called controls, and : → ℕ is a map assigning an arity, a natural number, to each control.
The controls of bigraph can be classified into categories by sorting. A sort is a triple = ( , , ), which has a non-empty set of sorts, a sorted signature , and a formation rule . Using , a bigraph can assign a sort to each control, a signature is dynamic if it assigns to each control a status in the set { , , }. A formation rule can be thought of as a set of properties that a bigraph has to satisfy; for example, it can specify that nodes of sort a may only contain b-node. 
Bigraphical Calculus of Context-Awareness
This section describes how to apply a bigraph to the context-aware calculus, including the syntax and semantic of the process, the context and the context expressions, as well as the operational semantics of the calculus.
Process and Action
In context-aware system, process is related to context. Process is usually nested in context. The syntax of process and action are shown in Table 1 . 
In Table 1 , and represent the process, is the context node, δ is the context expression (described in Section IV-D). Process 0 indicates an empty process that does nothing. The process | indicates that the process and is juxtaposition. Process . indicates that process is nested in process . Process . indicates that the process is nested within the context , that means the process is carried out in the context , so the node is the child of node . The context-guard action δ?
. indicates that when the context expression δ is satisfied, the action and the process are executed, at least one of the action or the process exists. The act in the table denotes the action, action means move into the connected node . Action means that move out from the connected node . Action means to delete the connected node . Process is relative to the context and the process is included in the context, usually the process node is a child node of the context node.
Example 1: Student, like Bob, carries his phone at the lab, and the context of pc is described in Figure 3 . At this point, the pc is reduced to a atomic node, so the context of the phone is the node . The model of context bigraph has three actions: in, out, and del. The action in denotes that moves the node into the connected node c. The action out denotes that moves the nodes out the connected node c. The action del denotes that deletes the connected node c. The control of the action nodes is atomic. The nodes' ions are shown in Figure 4 , the action nodes may contain process nodes. 
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Context
The context in a context-aware system can be a user, device, software or building, whose syntax and semantics are described in Table 2 .
In Table 2 , , 1 are both contexts and is a process. Here, the , and represent the ionic context, the atomic context and the molecular context, respectively. and are respectively substitutions and closure. Context 0 indicates a nil context, in other words, it doesn't have any context information. ( 1 )c indicates that the context is restricted to the context 1 . | 1 is the merge product of contexts and 1 . || 1 is the parallel product of contex c and 1 . | represents the context and the process concatenation. And . 1 denotes that the context is embedded with the context 1 . Context ∘ 1 is the composition of two contexts. 
Context Expression
In order to express the property of the context and the relationship between different contexts, we introduce context expressions. The syntax is described in Table 3 . In Table 3 Example 2: In the initial condition, the user carries the mobile phone outside the office zone, and the computer in the office area is turned off. As shown in Fig. 5, the sites numbered 1-5 show that abstract out of the information does not need to concern, for example, the site numbered 2 indicates other devices.
The user may carry in addition to carrying the mobile phone, and the node _ represents a range of office area awareness, node _ is an abstraction beyond the perceived range of the office area. 
The user is in the office zone, and the phone's mode is changed from normal mode to silent mode, and the computer turned on. We can express it as follows.
((⋆ ( _ , )). ) ∧ ((⋆ ( _ , )). )
Conclusion and Future Work
As a new theoretical model, bigraph tries to establish a unified process algebra framework. In this paper, we try to explore bigraphical context-awareness calculus and the basic elements in the context-aware model are graphically mapped into bigraphs. The calculus of bigraph still needs more experiments so as it can be verified and that is our future work.
